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Summary. The overall output of migrants and the numbers migrating different distances 
from a habitat patch was investigated by pitfall trapping Collembola in a patchy habitat. Tus- 
socks of Carex ursinae constituted the preferred habitat for Collembola. The tussocks were 
embedded in bare soil with a cover of cyanobacteria, and distributed with varying distances 
between them. In a previous study, it was found that Collembola show species-specific pat- 
terns of abundance and demographic composition relative to the degree of isolation of tus- 
socks. It is hypothesized that species differences in migration rate, mobility range and colo- 
nization success are partly responsible for these distribution differences. In two series of ex- 
periments, pitfall traps were used to investigate the migration of Collembola out of tussocks. 
The captures were analyzed in relation to species. population size in experimental tussock 
and distance from tussock. This study shows that there are clear differences between species 
in the output of migrants from populated tussocks, and these differences probably contribute 
to the observed species distribution patterns in relation to habitat patchiness. Only Hypoga- 
strura viatica showed a consistent positive relationship between population density and out- 
put of migrants. Hypogastrura viatica and H. longispina also had the highest overall output 
of migrants, and their high mobility can thus counteract the effects of patch isolation. Migra- 
tion ability only seems to limit the distribution of one of the species (Onychiurus groenlandi- 
cus). Only a few individuals of O. groenlandicus were captured outside populated tussocks in 
this study, and the species is generally not present in the most isolated tussocks. Two Folso- 
mia species (F. sexoculata and F. quadrioculata), appeared to have very similar migration 
abilities, although they have completely different distribution patterns with respect to habitat 
patchiness. In addition to the investigations on migration, trials on passive transport were 
done through net trapping on surface water from snowmelt. This appeared to be a mode of 
dispersal which primarily affects surface living species. but did not carry large numbers of 
migrants and is probably not of great importance. 
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Introduction 
In fragmented habitats, inter-patch movement is a process central to the dynamics of patchy 


populations (Harrison 1991) and metapopulations (Ebenhard 1991: Hanski & Gilpin 1991). 
The process can be divided into three components: (1) migration (or dispersal) out of the 
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"home patch", (2) the probability of reaching a new patch and (3) the probability of becoming 
established in the new patch once it has been reached. Migration out of a patch is expected to 
depend on population size; a large population will produce more migrants (Hanski 1991) and 
hence patch size and patch quality (determining population size) will be important. Once a 
migrant has left a patch, the probability of reaching another patch will depend on 1) the 
distance between patches, 2) species-specific mobility and speed, 3) ability to cross unsuit- 
able habitat, and 4) ability to identify new habitat patches. Thus, when studying migration in 
patchy habitat, it is desirable to be able to break down the process analysis into separate com- 
ponents of behaviour and habitat characteristics. 
Collembola are abundant and often patchily distributed soil animals, yet knowledge of their 
dispersal is scarce (Joosse 1970; Leinaas 1981a; Leinaas & Fjellberg 1985; Lyford 1975). 
Dispersal in Collembola has been studied under laboratory conditions (Bengtsson et al. 1994; 
Johnson & Wellington 1983: Sjógren et al. 1994). in recordings of seasonal mass movement 
(Leinaas 1981a; Lyford 1975), in the process of habitat selection (Leinaas & Fjellberg 1985) 
and in cyclomorphosis (Leinaas 1981b; Leinaas 1981c). Passive dispersal may also occur: 
transport by wind, animal vectors or water surfaces (Baweja 1939; Joosse 1966; Siepel 1994; 
van der Kraan 1971). These studies indicate that dispersal and migration are important events 
for some species of Collembola, and that there are large interspecific variations. However, 
field studies of migration or dispersal in the context of the dynamics of field populations are 
scarce, and although migration has been recorded in a number of species, understanding of 
the role of migration in Collembola is still poor. 

Hence, there is a need for more detailed studies of migration and dispersal in Collembola, 
both on interspecific variation and on the role of migration in population dynamics. In this 
study, field data on migration in 6 species of Collembola, which have markedly different pat- 
terns of demography and population density in a patchy habitat (Hertzberg et al. 1994), are 
presented. The study aims at clarifying how the output of migrants from a population and the 
distance the migrants cover may explain the distribution pattern of each species. 


Study system and species-specific predictions 


The study area is situated near Ny-Alesund on Svalbard, and consists of a field of Carex 
ursinae tussocks embedded in bare soil covered with a layer of cyanobacteria. The field is 
situated near a freshwater lagoon with occasional sea water influx. In winter, the area is 
covered by a layer of ice under the snow and it is flooded at the time of snowmelt. Tussock 


Table 1. Predictions on migration rate and movement range (based on Hertzberg et al. 1994), Low iso- 
lation = patches closest together, high isolation = patches furthest apart 


Species Abundance in relation Demographic Predicted 
t0 degree of isolation heterogeneity 


; ourput of. movement 
between populations 


migrants range 


U. groenlandicus absent at high isolation, increases signilicantly low low 
medium densities elsewhere as isolation increases 

F. quadrioculata high densities at low isolation. — significant everywhere low inter- 
decreases at high isolation mediate 

F. sexoculata high densities at high isolation, significant and increases inter- high 
decreases as isolation decreases isolation increases mediate 

H. viatica high densities everywhere significant everywhere high high 

H. longispina medium-low densities at high low. not significant high high 
isolation. decreases as isolation 
decreases 
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(patch) sizes range between 35-70 em. and the distances between them from <5 em to 
40—70 cm. The tussocks are distributed with increasing distance between them, thus forming 
a spatial gradient of patch isolation across a 10-15 m wide zone. They are the preferred 
habitat for Collembola, where they form dense populations (Hertzberg et al. 1994). The in- 
organic silt layer under the cyanobacteria cover is dense and waterlogged. These conditions 
make movement through the soil very unlikely, and inter-patch movement can be assumed to 
take place on the surface. The different distribution patterns across this patch gradient with 
respect to occurrence. abundance and demography have been studied in the 5 dominating 
species: Hypogastrura viatica, H. longispina, Folsomia quadrioculata, F. sexoculata, Ony- 
chiurus groenlandicus (Hertzberg et al. 1994). Based on the following criteria: 1) presence or 
absence in a patch in relation to inter-patch distance, 2) density change in relation to degree 
of isolation and 3) degree of demographic heterogeneity between populations in relation to 
isolation, hypotheses on the degree of migration of each of these species were formulated 
(Table 1). Two migration characteristics were considered; output of migrants from a tussock 
and the distance covered by migrants. 


Materials and Methods 


The experiments described here were done in the summers of 1993 and 1994. Conditions were different 
in the two years: the summer of 1993 was warm and dry (mean July temperature 5.8°C, mean August 
temperature 5.0 °C against the normal 4.7 °C and 3.9 °C. respectively) whereas 1994 had a cold summer 
(mean July temperature 4.4°C, mean August temperature 2.4°C) with a new record of mean summer 
precipitation (the Norwegian Meteorological Institute). 


Dispersal on surface water 


The possibility that passive transport on the melt water surface in spring constitutes an important factor 
in colonization in the study area was investigated during the period of snowmelt in 1994. Collembola 
have a hydrophobic integument, and will float on the water surface. A total of 9 collecting nets were 
used. distributed over 4 capture periods and 8 days. The study was started when the whole study area 
was covered by ice and snow and 5-15 cm of water and terminated when the water level had dropped 
to ground level. which made it impossible to put up collecting nets. Collecting nets were made of 
plankton mesh (mesh size 190 mm). The nets were box-shaped, measuring about 12 x 15 x 6 cm with 
one end left open. and fastened to steel rods. 

Several channels were made in the ice and snow to drain the melting water towards the lagoon. In the 
largest channel, 2 collecting nets (in one period 3 nets) were placed about 1—2 metres apart in the water 
by pushing the supporting rods into the bottom so that the surface of the water fell in the middle of the 
net opening. The net would then function as a stationary trawl. It was controlled that the channel was 
actually draining the flooded study area. The other channels were not suitable for setting up nets due to 
blockage from floating ice and snow. Upon collecting. the nets were put in individual plastic bags and 
taken directly back 10 the laboratory for examination, and new nets were put down. Each net was 
flushed with water into a plastic tray (20 x 30 x 6 cm). The tray was inspected under a stereo microscope 
and the Collembola counted and identified to species or genus. 


Pitfall trapping on the Cyanobacteria surface 


Pitfall trapping was used in the experiments on output of migrants and migration distance described be- 
low. It is an adequate method for collecting surface-living Collembola (Bowden et al. 1976; Joosse 
1965; Solem & Sendstad 1978). Round transparent containers (Ø 3.5 cm) were used as pitfall traps. 
Each container was marked and filled to one third with equal parts ethylene glycol and water. with some 
detergent to reduce the surface tension. It was then placed in a hole made with a corer of the same dia- 
meter as the containers so that the soil was level with the rim of the container. Transparent plastic sheets 
on steel legs were put up as roofs about 5 em over the pitfull traps. to prevent them from being flooded 
in rainy weather. In the laboratory. the container was emptied into a counting dish and the Collembola 
allowed to sink by adding alcohol and heating the sample. All Collembola were identified to genus or 
species and counted. For two species. H. vidtica and H. longispina. individuals were classified as large 
or small. The demarcation between generations was based on size distributions of the same species from 
August 1992 (Hertzberg et al. 1994). 
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Output of migrants 


An experiment aimed at quantifying the output of migrants from tussocks was done in August 1993. 
Twelve tussocks were selected in situ for the trial, covering a stretch of the gradient with medium to low 
tussock density, as too high tussock densities would not give enough space for setting up the experiment 
(i.e. sufficient inter-patch distances). Around each tussock, a ring of 8 pitfall traps were placed with even 
spacing, 4 cm from the edge of the tussock. To strongly reduce immigration into the experimental area 
and trapping of Collembola from other tussocks, a 20 cm high circular wall of transparent plastic sheet 
was placed around the ring of traps to isolate them. The wall was pressed 2-3 cm into the ground about 
3 em from the traps. The traps were collected after 3 days and replaced. Three trapping periods were 
completed, giving a total of 3 x 8 x 12 = 288 traps. The local tussock population of Collembola was 
sampled by taking a soil core with an area of 5 cm? and a depth of 4 cm at the start of the experiment. 
The hole was filled with soil from the cyanobacteria ground surrounding it. The samples from the tus- 
socks were subject to dry extraction in a modified high gradient extraction. Extracted Collembola were 
preserved in benzoic acid. Photographs were taken of each experimental tussock, from which the area 
of the tussock was estimated by use of a planimeter. 


Migration distance from tussocks 


The second experiment was done in July-August 1994 to compare capture of migrants at different dis- 
tances from a tussock. In early July, 10 tussocks were collected from the gradient by cutting around and 
under each tussock so that the sedge roots and some organic silt were included. The tussocks were cut 
out with a soil corer with an area of 50 cnr. giving tussocks of the same size for this experiment. These 
were then transplanted to an area with very low tussock density, measuring about 4 x 5 meters (experi- 
mental area). All other tussocks were removed from the experimental area. Tussocks were transplanted 
from throughout the gradient so that all Collembola species of interest were likely to be included. The 
trapping started after the tussocks had been left to settle for 24 days. Around each tussock, the area was 
divided into 5 sections and in three of them, rows of traps were put down with even spacing between the 
traps. The trap rows were set at 3 distances from the edge of the tussock: i) 2 cm from the edge of the 
tussock: 3 traps, ii) 10 cm from the edge of the tussock: 4 traps, iii) 20 cm from the edge of the tussock: 
6 traps. To isolate the trapping area, a 20 cm high plastic wall was placed in a circle around each tus- 
sock, 4—5 cm from the outer trap row. Two series of trappings were completed, each after 4 days, giving 
a total of 2 x 13 x 10 = 260 traps. At the termination of the experiment, a soil core with a sampling area 
of 10 em? and a depth of 4 cm was taken from each tussock and Collembola extracted as in the first ex- 
periment. The population sample was taken at the termination of the experiment this time as experience 
from the first experiment indicated that sampling at the start gave unnecessary disturbance. 


Statistical analysis 


Only the Hypogastrura species were caught in sufficient numbers to allow analysis of separate genera- 
tions. Data from the experiment on output of migrants were analysed to examine the relationship be- 
tween population size and numbers captured, species differences in captures, and generation differences 
in captures. In addition, heterogeneity of trapping and capture variability at the level of traps and of 
tussocks were checked before combining data in any of the main analyses. Data from the experiment on 
capture distances were only analysed for species differences in capture at different distances. 

A nested ANOVA was done to examine heterogeneity of trapping in individual traps compared to the 
combined trapping around each tussock. Population sizes in the experimental tussocks were estimated 
by multiplying the sample density (number of individuals in a 5 em? sample) by tussock size. The rela- 
tionship between population size in the tussock and total numbers captured was analysed in a linear re- 
gression for Folsomia species. T. arctica and O. groenlandicus. For Hypogastrura species the relation- 
ship between tussock population density and output of migrants in the two sses was analysed in 
an ANCOVA with size class as main factor and density as covariat. Species differences in capture rates 
were analysed in a repeated measures ANOVA (using the MANOVA approach to model the within-sub- 
ject effects), with species as the subject effect and capture period as the within-subject effect (i.e. re- 
peated). 

In the experiment on migration distance. capture distance and species x distance interaction were in- 
cluded as effects in a repeated measures ANOVA. Data from traps in the same row were pooled. Pos- 
sible differences between generations of the Hypogastrura species were analysed in an ANCOVA, with 
generation and sample density as effects. The sample density was chosen as the variable representing 
population size because all tussock were of the same size. 


32 Pedobiologia 41 (1997) 6 497 


Results 
Capture of Collembola in melting water 


A total of 63 Collembola were caught, consisting of individuals of the genus Hypogastrura, 
Tetracanthella arctica and Folsomia sexoculata. Hypogastrura spp. dominated the catches 
with 56 individuals. compared to 6 individuals of T. arctica and only one £ sexoculata. Indi- 
viduals of the genus Hypogastrura were not identified to species due to debris in the material, 
which would stick to the Collembola and make identification difficult. 


Migrant output experiment 


A total of 18518 Collembola were caught in the pitfall traps. Of the species present, H. via- 
tica, H. longispina, F. sexoculata, F. quadrioculata, O. groenlandicus and T. arctica were in- 
cluded in the analysis. /sotoma anglicana, Isotoma nanseni and F. gracilis were also ob- 
served. but these species occurred only sporadically and were not included in the analysis. 
Only one individual of O. groenlandicus was caught. H. viatica was caught in highest num- 
bers, followed by H. longispina. The two Folsomia species were caught in much lower num- 
bers (Fig. 1). Only Hypog eastrura species were caught in sufficient numbers to allow analysis 
of separate generations. 
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With respect to heterogeneity of trapping. for all species except F. quadrioculata, there was a 
significant between-tussock variation and no significant between-trap variation. The be- 
tween-tussock variation in F. guadrioculata constituted 32.8 % (p « 0.0001 ). whereas the be- 
tween-trap variation only constituted 10.4% (p = 0.007). As the bulk of the variation could 
also be associated with tussock identity in this species, data from all traps were pooled in the 
subsequent analyses. The populations in the experimental tussocks had densities within the 
range of previously observed populations (Hertzberg et al. 1994). The experimental tussocks 
covered the distribution range of the species quite well. All species were present in all tus- 
socks with the following exceptions: F. quadrioculata was absent in 3, F. sexoculata was 
absent in | and O. groenlandicus was absent in 1. 

There was no relationship between tussock population size and captures for Folsomia species 
( Table 2), neither were there any significant differences in population size between these spe- 
cies (Fig. 1). T. arctica showed a significant and positive relationship between the size of the 
tussock population and the output of migrants, but this result was heavily influenced by a 
single value (Table 2). For the two Hypogastrura species, size class was a better predictor of 
migrant output than tussock population, but H. viatica also showed a density response 
(Table 3). However, the size class response differed between the two species (Fig. 2, Table 3): 
In H. viatica, the migrants belonged mainly to the small size class, whereas the opposite was 
the case with H. longispina. 


Table 2. Relationship between numbers caught in pitfall traps and total tussock population, linear 
regression. Migrant output experiment 


Species pn P regression coefficient n (tussocks) 
F. quadrioculata 0.006 0.8 —0.04 12 
F. sexoculata 0.07 0.4 —0.005 12 
T. arctica* 0.67 0.001 0.034 12 


* when one outlier (Cook's D = 7.44) was excluded: °= 0.31. p- 0.07. reg. coef. = 0.007, nz 11 


Table 3. ANCOVA on the relationship between numbers caught in pitfall traps, tussock population size 
and size of migrants, Hypogastrura sp. Migrant output experiment 


Species Size effect (adjusted means) Density effect Whole model 
large small F (p) F (p) r(adj.) p 

H. viatica 364.5 700.3 21.78 («0.001) 3.57 (0.045) 0.51 «0.001 

H. longispina 284.1 144.3 30.85 («0.001) 0.37 (0.55) 0.56 «0.001 


The repeated measures ANOVA of capture rates showed clear species differences (between- 
subjects effect, Table 4). The species differences in capture were further explored in a contrast 
analysis using Scheffe's test with œ = 0.05. This gave the following order of numbers cap- 
tured in all capture periods: H. viatica — H. longispina — F. quadrioculata — F. sexoculata — 
T. arctica. Captures of H. viatica and H. longispina were significantly different from each 
other and from all the other species in all capture periods. There were no significant differen- 
ces between £ sexoculata, F. quadrioculata and T. arctica. No time effect was evident, so the 
tussock populations did not seem to be depleted because of the trapping (within-subjects 
effect, Table 4). There was. however, an interaction effect over time: captures of H. viatica 
increased over time while for the other species they remained constant ( Table 4, within-sub- 
ject interaction effect species x time). 
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Table 4. Effects of species. time and interaction effects on captures of all species. Repeated measures 
ANOVA, within-subjects modelled by MANOVA. Migrant output experiment 


Berween-subjects effects type 111 SS, F-value p 
Species 185.5 0.0001 
Within-subjects effects Wilks lambda p 
Time 2.30 0.1 
Species x time 3.04 0.004 


Hypogastrura species were analysed separately to look for differences between size classes 
(i.e. size c was included as à second subject effect). All terms in the repeated ANOVA 
model were significant (Table 5). Captures of small and large individuals went in opposite di- 
rections for the two species. which explains the result. In H. viarica. small individuals were 
caught in significantly higher numbers than large individuals (Figure 2), whereas the large 
size class was caught in higher numbers in H. longispina. Also. the number of small H. via- 
fica increased with time. These results support the results from the overall analysis of output 
of migrants in relation to tussock population size (see Table 3). 


Table 5. Effects of species. time, size class and interaction effects on captures of H. viatica and 
H. longispina. Repeated measures ANOVA, within-subjects modelled by MANOVA. Migrant output 
experiment 


Between-subjects effects type III SS, F-value p 
Species 76.84 0.0001 
Size class 7.23 0.01 
Species x size class 4244 0.0001 
Within-subject effects Wilks'lambda p 
Time 0.03 
Time x species 0.009 
Time x size class 0.0001 
Time x species x size class 0.0001 
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Fig. 2. Mean + s.e. of the numbers captured in each size class (small/large) of H. viatica (HV) and 
H. longispina (HL). around each tussock. Captures are pooled over time periods. Migrant output 
experiment 
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Migration distances experiment 


In the experiment on migration distances (1994), a total of 26098 Collembola were caught. 
Again, H. viatica was more numerous than all other species (contrast analysis, Scheffe’s test, 
@=0.05). H. longispina was the second most numerous (Fig. 1), but it did not occur in signif- 
icantly higher numbers than the two Folsomia species (Schetfe’s test, œ=0.05). O. groen- 
landicus was again excluded from the main analysis, as only two individuals were caught. 
These were caught 2 cm from the tussocks. 

Time and distance effects were investigated in a repeated measures ANOVA, with species, 
capture distance and species x distance interaction as subject effects and with time as addi- 
tional within-subject effect (MANOVA). There were clear differences with respect to cap- 
tures at different distances and between species, with the species effect being most important 
(between-subjects effects, Table 6). The different species were clearly segregated with respect 
lo captures (Fig. 1 and 3). Captures generally increased as the distance from the tussock in- 
creased, but this was not consistent over both capture periods in all species (Fig. 3). The spe- 
cies x distance interaction effect was weaker. 


Table 6. Effects of species, time and interaction effects on captures of all species. Repeated measures 
ANOVA, within-subjects modelled by MANOVA. Migration distance experiment 


Between-subjects effects type HII SS, F-value p 
Species 55.7 0.0001 
Distance 5.35 0.02 
Species x distance 2.54 0.04 
Wirhin-subject effects Wilks lambda p 
Time 15.37 0.0001 
Time x species 8.83 0.0001 


There was also a significant time effect and an interaction effect between time and species 
(within-subjects effects, Table 6). Captures were generally lower in the second capture 
period, and the degree of reduction between the first and second period varied between spe- 
cies: T. arctica was reduced with 85 %. F. sexoculata was reduced with 78 %, H. viatica with 
45%. H. longispina with 50 % and F quadrioculata with 31%. 
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Discussion 


Quantitative field studies of migration in Collembola are rare. and this study contributes both 
in giving more detailed knowledge of the variation in migratory behaviour in Collembola and 
in coupling migration to population patterns. In addition. the distinction between active 
movement and passive transport is important. as the two processes have different con- 
sequences for population dynamics, particularly in à patchy habitat. Passive transport will 
make initial colonization of habitat patches largely independent of habitat patchiness (and 
instead reflect external factors such as flooding or wind conditions). as opposed to migrants 
actively seeking new patches. 

Previous field studies are limited to recordings of seasonal mass movement (Leinaas 1981 a: 
Lyford 1975). habitat selection (Leinaas & Fjellberg 1985) and cyclomorpho species 
developine specialized structures for dispersal over snow in late winter (Lein 1981 b: 
Leinaas 1981 c). Transport by tidal movement has been recorded for H. viatica (Witteveen & 
loosse 1988). and may be important where H. viarica is exploiting a littoral habitat, which is 
regularly flooded. The study area described here is rarely flooded — flooding occurs at snow- 
melt. although it may occur at other times of extreme spring tide and rough weather. In this 
study, the captures of Collembola carried by surface water were low (particularly compared 
to the pitfall trap captures). The surface-living species dominated the catches completely (the 
Hypogastrura species and T. arctica, which occurs at lower density (Hertzberg et al. 1994)). 
With respect to £ quadrioculata, F. sexoculata, and O. groenlandicus. they were probably 
trapped in the soil or vegetation due to their stronger affinity to the tussocks and thus not car- 
ried away on the water surface. Thus. water is unlikely to be an important agent of dispersal, 
and it seems a reasonable assumption that active movement on the surface constitutes a ma- 
jor mode of migration in this study area. 

In both pitfall trap experiments. large numbers of Collembola were caught outside the tus- 
socks. In Collembola. dispersal rate has been shown to increase with both increased density 
of conspecifics and increased food density (Bengtsson et al. 1994). Thus. a positive rela- 
tionship between the number of dispersers from a tussock and the population density in the 
tussock should be expected. Such a positive relationship between the number of migrants and 
the local population size was only found in Hypogastrura species. despite the fact that Fol- 
somia tussock population sizes were within the range of those of the Hypogastrura species. 
This indicates that Folsomia and Hypogastrura species have different behavioural responses 
with respect to migration tendency. The Folsomia species may still migrate in response to 
density. but only when densities arc higher than the range of densities tested here. A delayed 
density response will. however. influence population dynamics differently. 

This study shows that the two Folsomia species have similar properties with respect to 
migration rate and range. which contrasts with their different distribution patterns in the study 
area (Hertzberg et al. 1994). As distances between tussocks increase in the study area, £ qua- 
drioculata is not present at all or in very low densities. F sexoculara. on the other hand. is pre- 
sent at high densities in isolated tussocks. In relation to this. Æ quadrioculata Was captured in 
; seems in fact to be very similar to that of £ sexo- 


and/or slow erowth upon colonization. 

F. sexoculata is showing less migratory activity than expected. compared to E quadrioculata 
and H. longispina. The captures of F sexoculata indicate in fact how little activity is suf- 
ficient to ensure colonization of isolated tussocks. although it does not seem to be sufficient 
to counteract the effects of isolation on demography. The actual output Of migrants is still 
very low in both Folsomia species. and increased demographic heterogeneity between sub- 
populations as the spatial isolation increases has been obser ed in both species (Hertzberg et 
al. 1994). The findings presented here indicate that a low rate ol migration is probably opera- 
tional in generating these patterns of demographic heterogeneity (Hertzberg et al. 1994) 
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The curious increase in capture rates at longer distances from the source tussock applies to 
both species. This may be the result of a “fence effect". where animals that are stopped by the 
outer plastic wall aggregate in the outer zone, giving increased captures in the traps that are 
situated there. Another possibility is that the pitfall traps not only reflect the number of 
migrants out of the tussocks, but also locomotory activity in general because only moving 
animals are trapped. The Collembola may become more active the longer they have been out 
of a tussock (their preferred habitat), as an increase in activity will then more likely lead them 
to à new tussock. In this case. increased locomotory activity at further distances from the tus- 
sock should increase distant captures. 

The low captures of O. groenlandicus indicate a low rate of migration out of tussocks. It has 
clearly lower dispersal activity than £ quadrioculata, although the two species have similar 
distribution patterns in relation to habitat patchiness ( Hertzberg et al. 1994). The findings in- 
dicate that the distribution of O. groenlandicus in relation to tussock isolation is limited by its 
ability to disperse. This agrees with the observed increased demographic isolation of popula- 
tions with increasing distance between tussocks (Hertzberg et al. 1994). This is probably a 
combined effect of low output of migrants and low ability to cover longer distances between 
tussocks. O. groenlandicus is soil-living, lacks pigmentation and is more susceptible to 
desiccation than the other species studied (personal observation). When moving on the 
surface. it will therefore face a relatively larger increase in dispersal mortality as the distance, 
and thus time spent outside of tussocks, increases. 

H. longispina, the second most numerous species caught, seems to have a dispersal ability as 
high as expected. The output of migrants increases as population density in the tussocks in- 
creases. which corresponds to an expected role of migration. The older generation, which is 
in a reproductive state in late summer and autumn and lay overwintering eggs. dominated 
among the migrants. It takes H. longispina at least one year io reach sexual maturity (Leinaas 
pers. comm.). which is comparable to the characteristics of the high arctic H. concolor (Ad- 
dison 1981 — Fjellberg pers. comm. with respect to the species). For several species of Col- 
lembola, rates of movement and dispersal have been shown to be higher in recently mature 
adults compared to juveniles (Johnson & Wellington 1983: Sjógren et al. 1994). According to 
the theory of the "oogenesis-flight syndrome", dispersal is expected to occur among the 
recently emerged adults, before mating or egg laying (Dingle 1972) when individuals have à 
high reproductive potential. Prior to egg laying. Collembola will have a high future repro- 
ductive success and as they produce more than one batch of eggs in their lifetime, dispersal 
behaviour can be seen as spreading the risk connected to egg laying (Sjógren et al. 1994). The 
high captures of the older generation of H. longispina may thus be explained by increased 
dispersal prior to reproduction. 

As expected. H. viatica appeared to be highly mobile. as has been observed in previous 
studies (Mertens & Bourgoignie 1977: van der Kraan 1971), It outnumbered all other species 
in the traps. There is a significant correlation between the population density within tussocks 
and the number of migrants caught. More importantly. the smaller size class dominated the 
captures and showed a stronger relationship to the local population size. At such small body 
size («0.8 mm) they will be the young of the year and not sperans sexual maturity. Thus, 


ihe vuğtitai>- fü 


hi syndrome does noi secim to be appl ics the 
juveniles i in the captures of H. viatica is not consistent with dispersal of reproductive indi 
uals. It is possible that this represents a juvenile dispersal stage, which to my knowledge has 
not been recorded in Collembola. However. this is an hypothesis which needs further study. 
On the other hand. H. viatica is the only species regularly found on the cyanobacteria cover 
(although at lower densities than in the tussocks) and may actually be using it as a second 
habitat (Hertzberg et al. 1994). Captures may be related to habitat selection. where size- or 
age-dependent use of the cyanobacteria cover reflects different foraging preferences and nu- 
tritional needs. Substantial demographic heterogeneity between populations has been ob- 
served in this species. despite its mobility (Hertzberg et al. 1994). This heterogeneity may be 
explained by habitat selection. if habitat requirements vary with age or size. The demographic 
structure of tussock populations may then reflect age-dependent habitat selection in tussocks 
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with different qualities. A third. but less likely possibility is that the high presence of juveniles 
on the cyanobacteria reflects ege deposition. The cyanobacteria surface is darker and reaches 
higher temperatures than the tussocks (unpubl. data), so captures could reflect selection of a 
dark surface which speeds up egg development. However. egg deposition cannot account for 
the overall pattern of higher captures of juveniles. The majority of the juveniles were clearly 
not newly hatched. and there was no significant within-tussock heterogeneity in the captures, 
which would have been expected if captures from single egg batches dominated. Although 
there is insufficient knowledge to evaluate these different hypotheses on the high captures of 
juveniles. the possibility of age-dependent responses to e.g. microclimate and resource type 
shows the potential influence of demography in shaping population patterns in patchy habi- 
tats. 
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